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STRUCTURAL AND CHEMICAL 
CONSEQUENCES OF INTRAMOLECULAR 

N(O)+Te COORDINATION IN 
ORGANOTELLURIUM COMPOUNDS 

WILLIAM R. MCWHINNIE,' IGOR D. SADEKOV? and VLADIMIR I. MINKINb 
"Aston University, Birmingham B4 7ET UK, hlnstitute of Physical and Organic 

Chemistry, Rostov University, RUS-344101 Rostov-on-Don, Russia 
(Received March 19. 1995) 

The structural characteristics of organotellurium compounds possessing intramolecular coordinate N+Te and 
O+Te bonds are systematised and critically analysed. Particular emphasis has been placed on the enhancement 
of the stability and the description of the characteristic reactivity of compounds with this type of bond. 
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1. INTRODUCTION 

Intramolecular coordination has long been recognised as a key factor influencing the struc- 
ture, stability and reactivity of organoelement compounds. The most widespread in- 
tramolecularly coordinated compounds are those associated with the formation within a 
molecule of a donor-acceptor bond between a main group or transition metal atom and a 
lone-pair coordinating atom (pnictogen or chalcogen). Whereas the structural types of 
these compounds have been thoroughly systematised and their properties amply reviewed, 
see for example14 and references therein, much less attention has been paid to another type 
of intramolecular coordination which involves attractive interactions between electron- 
rich heteroatoms. A large number of organosulfur and organoselenium compounds are 
known, where the actual conformation is defined by intramolecularX-Y contacts (X = S, 
Se; Y = N, 0, S).5*6 The importance of such attractive interactions in biology is particularly 
apparent due to their role in controlling the secondary or tertiary structure of biomole- 
cules.7 The X...Y distances between mutually attracted electron-rich centres span the whole 
range of values corresponding to purely covalent a-bonds and those exceeding the sum of 
the van der Wads radii. Whereas the nature and properties of the former type of bond are 
well understood, and the latter case corresponds to nonbonded contacts, the gap remain- 
ing represents a critical region with a specific type of bonding that cannot be assigned to 
any conventional interaction. Considered as so-called secondary bonds,* the intermediate- 
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ORGANOTELLURIUM COMPOUNDS 291 

distance X...Y contacts contain contributions from different types of interaction, includ- 
ing for example electrostatic, negative hyperconjugation, d-orbital participation, or cyclic 
delocalization. At the closest approach of the attracting centres, the bonding may be at- 
tributed to a three centre-four electron (3c-4e) interaction, of the hypervalent type. 
Depending upon the relative contribution of distinct binding forces to the X...Y attractive 
interaction, the properties and the reactivity of compounds containing such contacts may 
vary broadly. In many cases intramolecular coordination drastically changes the chemical 
behaviour of chalcogen-containing compounds. Thus, the mechanism and kinetics of the 
chlorination of arenesulfenyl  chloride^,^ the hydrolysis of N-sulfonylsulfilimines," oxida- 
tion of sulfides by chloramine-T" and 2-(organy1seleno)benzoic acids by t-butyl hy- 
droperoxide,'* and the Pummerer rearrangement of aryl benzyl sulfoxides" drastically 
differ for compounds containing o-substituents (COOH, N02) capable of forming in- 
tramolecular coordinate 0 4  and O+Se bonds and their p-isomers where this interac- 
tion is sterically impossible. 

In recent years interest has rapidly grown in compounds in which intramolecular (sec- 
ondary) bonds (O+Te and N+Te) are formed with the participating Te atom in different 
oxidation states. The presence of such bonds considerably increases the thermal and hy- 
drolytic stability of organotellurium compounds and permits access to novel examples of 
such materials. Two concise reviews have recently appeared which were chiefly focused 
on a discussion of the contributions to the area of the Rostov14 and BirminghamIs research 
groups. The present review aims to present an updated and more detailed treatment of the 
subject. The data on the structural characteristics of organotellurium compounds possess- 
ing intramolecular coordinate N+Te and O+Te bonds with tellurium in various oxidation 
states, are systematised according to structural types and critically analysed. Attention has 
been given to both X-ray structural studies in the solid state and manifestations of in- 
tramolecular coordination in solution as evidenced by NMR, IR and Raman spectral stud- 
ies. The origin of the interactions causing the attraction between the centres participating 
in the intramolecular coordination is briefly considered in comparison with relevant 
organosulfur and organoselenium compounds. Particular emphasis has been placed on the 
enhancement of stability and the characteristic of reactivity of the compounds with in- 
tramolecular T e t N  and T e t O  coordination. 

2. MOLECULAR AND CRYSTAL STRUCTURES OF ORGANOTELLURIUM 
COMPOUNDS WITH INTRAMOLECULAR T E t N  AND T E ~ O  COORDINA- 
TION 

Coordination by tellurium of electron-rich nitrogen or oxygen centres leads to expan- 
sion of its valence electron shell owing to partial incorporation of one additional elec- 
tron pair. At distances Te...X (X = N, 0) approaching the covalent bond lengths Te-X 
(X = N, 0), the coordination polyhedron of tellurium is defined by the rules of the VSEPR 
(valence state electron pair repulsion) theory. At larger distances the donation of the 
electron pair of nitrogen or oxygen to tellurium is incomplete, but the coordination poly- 
hedron, although distorted, retains the general features of the coordinatively saturated 
type as defined by the total number of atoms attached to and lone pairs associated with 
tellurium, 
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298 W. R. MCWHINNIE er al. 

This section contains a complete list of the X-ray structural data on organotellurium com- 
pounds possessing intramolecular coordination T e t X  (X = N, 0) bonds. These are sys- 
tematised according to the structures of the organotellurium compounds. 

2.1. Tellurenyl Derivatives RTeX 

Compounds with this structure, 2-5 are the most thoroughly studied group of organotel- 
lurium compounds, to which 1,6-dioxa-6a-tellurapentalene 1 is also closely related. All 
compounds 1-5 possess a slightly distorted T-shaped configuration at the tellurium centre 
with two lone-pair phantom ligands formally occupying equatorial positions of its y-trig- 
onal bipyramidal coordination polyhedron. 149162224-28 Such an arrangement of bonds at the 
tricoordinated tellurium atoms in 1-5 provides for their inclusion into virtually planar five- 
membered rings. However, in 6 with an sp3-hybridised nitrogen centre, the N atom lies out 
of the plane (0.84 A) of the remaining four atoms of the chelate ring.23 

1 2 

3 4 X=S,CNMe,,Y=N, R = P ~  (f)  

R' X=CI. R * = R ~ = H ( ~  
X = B c  R'=R2=H(b)  
X = S,CNMe2, R* = R2 = H(c) 
X = S pC N Me 2, R'+ R = (C H= CH-), (ci) 

5 6 

SCHEME 1 

x' 

Table 1 contains data on bond lengths and valence angles at the tellurium centre in 1-6. 
Noteworthy is the fact that, in contrast to organotellurium compounds without in- 

tramolecular coordination involving tellurium no marked secondary interac- 
tions with appreciably shortened Tea-X contacts were observed in the crystals of 1-6. 
The intermolecular Te-Cl distances in the tellurenyl chlorides 4a" and 4b".'" in the crys- 
talline state were found to be 3.66 A and 3.756 A, respectively, whereas the sum of the 
van der Waals radii is 4.0 A.M In the case of the tellurenyl bromide 3b," the intermolec- 
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TABLE 1 Bond Lengths and Valency Angles 

Bond Length, - A Angle 
No. X Y-z Te-C Te-X Te-Z Z-Te-X Ref. 

1 
2' 
3a 
4a" 
4b" 
Sa'" 
3b 
3c 
Sb" 
6 
M 
4c 
4d 
4e 
4f 
k 
5d" 

0 
CI 
CI 
c1 
c1 
c1 
Br 
Br 
Br 
Br 
I 

OCOMe 
OCOMe 

SCN 
S2CNMe2 

S2CNMe2 
S~CNMQ 

C=O 
c=o 
c=o 
N=N 

CH=N 
CH=N 
c=o 
C--0 

CH=N 
CH2-N 
c=o 
N=N 

CH=N 
N=N 
N=N 

CH=N 
CH=N 

2.043 
2.080 
2.133 
2.120 
2.097 
2.08 
2.081 
2. I05 
2.11 
2.125 
2.111 
2.074 
2.087 
2.073 
2.101 
2.111 
2.130 

2.124 
2.476 
2.516 
2.550 
2.567 
2.558 
2.618 
2.646 
2.707 
2.663 
2.784 
2.167 
2.160 
2.672 
2.568 
2.518 
2.556 

2.130 
2.190 
2.250 
2.210 
2.239 
2.236 
2.31 
2.237 
2.236 
2.375 
2.368 
2.26 
2.297 
2.243 
2.340 
2.354 
2.375 

156.9 
170.1 
168.6 
166.7 
168.4 
168,4 
168.6 
170.7 
169.2 
165.3 
169.5 
159.0 
159.9 
166.8 
162.3 
167.6 
163.2 

16 
17 
18 
19 

14.20 
21 
22 
18 
21 
23 
24 
25 
14 
25 
26 
27 
28 

a) Mean values of bond lengths and angles in two (2,4a. 4b, 5d) or six (5a and 5b) crystallographically inde- 
pendent molecules are given; b) [2-pyridyl)phenyl]teIlurium(II) chloride 5a is part of the inclusion compound 
formed by two molecules of 5s and one molecule of 4-ethoxyphenylmercury(ll) chloride. 

ular Te-Br contact is 3.92 A, the sum of the van der Waals radii of tellurium and bromine 
being equal to 4.15 A. Other values of experimentally observed and van der Waals dis- 
tances between interacting centres in crystals are 4.02 A and 4.30 A (1-1 secondary bonds 
in the tellurenyl iodide 3dU) as well as 3.535 A and 3.70 A in the thiocyanate 4eU(Te-NCS 
secondary bonds). In the case of 4 bearing bidentate groups X (OCOMe, S2CNMe2) at- 
tached to tellurium, secondary Te-0 and Te-S bonds are formed within the same mol- 
ecule. They complete a square planar stereochemical configuration around tellurium. The 
Te--O=C distances in 4c25 and 4d" are 2.953 A and 3.06 A, respectively, (the van der 
Waals contact is 3.60 A). In the dithiocarbamates 4f,% 5c27 and 5d2* the Te...S distances 
equal correspondingly 3.225 A, 3.667 A and 3.225 A, respectively (the van der Waals 
contact is 4.05 A). 

The lengths of intramolecular coordinate N+Te and O+Te bonds in tellurenyl deriva- 
tives fall in the range 2.130-2.375 A. They increase in the order X = C1 c Br < I c S2CNMe2 
which is consistent with the decreasing electronegativity of X. At the same time the nature 
of the functional group containing an sp*-hybridised nitrogen centre which donates its lone 
pair to the valence shell of tellurium has little effect on the Tea-N distances (Table 1). Due 
to the marked shortening in 1-4 of the T e t X  (X = N, 0) distance, compared to the van der 
Waals contacts, the formulation of the structural type of the five-membered rings contain- 
ing these bonds is not unambiguous. By assuming hypervalent (three centre-four electron) 
bonds at the tellurium centres, DettyI7 classified compounds 1 and 2 as 10-Te-3 telluranes 
(1' and 2') (for the N-X-L formalism see.") Such a description is consistent with the bond 
lengths and valence angles in the tive-membered ring. For example, in 1,2-oxatellurolium 
chloride the lengths of the C3-C4, C4-CS and C-0 bonds (respectively 1.354 A, 1.425 A 
and 1.269 A) are in accord with the structural formula 2'. 
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300 W. R. MCWHINNIE et al, 

1' 2' 
SCHEME 2 

From a comparison of the TeV-N bond lengths in 5b (2.236 A) and 6 (2.375 A) with iden- 
tical substituents at the tellurium centre and differently hybridised nitrogen atoms, it fol- 
lows that the intramolecular coordination bonds of the Te-N,,3 type are weaker than those 
of the Te-N,,Z type. This conclusion is supported by a lZsTe NMR study of 6 in solution.23 

2.2. Diorganyl Tellurides R'TeR' and Diorganyl Ditellurides RZTe2 

In common with the tellurenyl derivatives 1-6 the diorganyl tellurides 7-10,14~27~32-35 the ditel- 
lunde 1136 and its analogues 1237 and 133R belong to the 10-Te-3 structural type leading to 
similarity in their structural characteristics. Table 2 contains some dataconcerning the bond 
lengths and valence angles of 7-13. 

7 

1 
R 

R= ¶--EtOC& 
10 

SCHEME 3 

As is the case for 1-6 the T-shaped configuration at the tellurium centre is slightly dis- 
torted, with R-Te-X (N, 0) angles in the range 164.7-170.7'. In general, the intramolec- 
ular coordination N+Te and O+Te bonds in tellurides and ditellurides are longer than 
those in tellurenyl halides which is in accord with the lower electronegativity of the or- 
ganic (R) and organotellurium groups compared to halogens. The Te-N distances are 
2.695-2.773 A in the tellurides 8-10, whereas the Te.-O intramolecular contact in 7, the 
only telluride containing Te...O for which X-ray structural data are available, was found 
to be 2.575 A.32 
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TABLE 2 Bond Lengths and Valency Angles in Compounds 

No. 

7 b '  

8 
9a 
9b 
10 
11 
12 
13 

Z 

0 
N 
N 
N 
N 
N 
N 
0 

- 
Bond Length (A) 

Te-c" Te-C Te-Z 
Angle 

Z-Te-R 

2.075 2.055 
2.111 2.181 
2.128 2.162 
2.125 2.163 
2.138 2.144 
2.139 
2.130 
2.123 

2.575 
2.773 
2.702 
2.720 
2.695 
2.879 
2.554 
2.658 

C) 
C) 

165.9 
164.7 

C) 
C) 

170.7 
169.2 

Ref. 

32 
33 

15,34 
14.35 

27 
36 
37 
38 

- 

a) The carbon atom of the phenyl ring or of the C=C bond which contains group 
C=Z in position 2; b) mean bond lengths and valency angles in two crystallo- 
graphically independent molecules are given; c) no data available. 

In bis-imines of bis(2-formylpheny1)telluride 9, owing to the presence of two sterically 
accessible donor centres, it is possible to form two intramolecular coordination N+Te 
bonds, in which case the molecular structure may be described as a 12-Te-4 tellurane. It 
was shown, however, by X-ray structural s t ~ d i e s ' ~ . ~ ~ . ~ ~  that the two chemically equivalent 
iminomethinyl moieties of 9 are differently positioned at the tellurium centre. These com- 
pounds exist, therefore, in the crystal form as 10-Te-3 telluranes, in which the lengths of 
intramolecular coordination N+Te bonds are virtually unaffected by the substituent at the 
imino nitrogen (Table 2). 

The influence of intramolecular coordination on the structural characteristics of the Te- 
chelated arm-like ligand in 9a'4.y may be directly compared with the identical unchelated 
fragment. The salient features are the noticeable convergence of the bond lengths in the tel- 
lurium-containing five-membered ring and the enlarged CH=N-R valence angle. It is note- 
worthy that in dimethylbis [2(4'-nitrobenzylideneimino)phenyloxy]tellurane (Section 2.6) 
where the central tellurium atom forms intramolecular coordination bonds with two equiv- 
alent imino nitrogens, the geometry of both coordinated ligand fragments is identi~al.'~ 

2.3. Telluronium Salts R'R2R3Te+X- 

X-Ray structural data are available for three representatives of this class of organotellurium 
compound possessing intramolecular N+Te bonds, namely methylbutyl(2-phenylimi- 
nomethinylpheny1)telluronium perchlorate 14,".40 chloro-4-ethoxyphenyl-2-(2'-pyridyl) 
phenyl telluronium trichloromercurate 15,"' and [bromo(phenyl)( [ 2-dimethy laminoethyl ) - 
phenyl)] telluronium bromide:Ib the latter compound providing interesting evidence for such 
intermediates in the oxidative addition of halogens to tellurium(I1) centres. 

Both crystals exhibit only slight intermolecular contacts between the cationic fragments 
and the corresponding counter-ions. For instance, in 14 the tellurium centres and the oxy- 
gen atoms of the perchlorate anions are separated in the solid by distances of 3.33-3.56 A, 
very close to the sum of the van der Waals radii of tellurium and oxygen (3.60 AM). The 
stereochemical configuration at the tellurium in 14 and 15 is determined by the presence 
of intramolecular coordination involving N+Te bonds. It is known that the coordination 
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302 W. R. MCWHINNIE ef 01, 

R =  e-5tOC6ii4 
Ci 

14 15 
SCHEME 4 

around tellurium in telluronium salts R1R2R3Te+X- depends strongly on the nature of the X- 
anions. In triorganyltelluronium salts with anions of low nucleophilicity, e.g. Me3Te+BPb-, 
no secondary bonds are formed by the telluronium centre, thus, in the crystal, the usual 
pyramidal configuration pertains." Salts with highly nucleophilic anions, like halides, exist, 
owing to secondary interactions between these and the tellurium-containing cations, either 
as dimers in which a penta-coordinate tellurium atom has a distorted square-pyramidal 
geometry (Ph3Te'Cl- 43 Et3Te'I- ") or as cubane-like tetramers with a hexa-coordinate tel- 
lurium centre (Et3Te+Cl-, " Et3Te+Br.") In these salts, the secondary Te-Hal bonds are close 
in length to ordinary bridging bonds. In the cations of 14 and 15 the pyramidal configura- 
tion of the telluronium atom is supplemented by the intramolecular coordination N+Te 
bonds which gives rise to a y-trigonal bipyramidal configuration (assuming one lone-pair 
phantom ligand) at the telluronium atom. The angles between the two axial bonds N-Te- 
CH3 and N-Te-C1 in respectively the cations of 14 and 15 are equal to 164.9'" and 166.6°.'7 
The Te-C bond lengths in the (Te-C, 2.120 A, Te-CH3 2.37 A and Te-C4H9 2.147 A) in and 
15 (Te-C,2.05,2.11 A), are normal. The significant difference between the N-Te distances 
in 14 (2.75 A) and 15 (2.31 A) is explained by the difference between the trans axial groups. 
As might be expected (see Section 2.1) the more electronegative chlorine atom in 15 causes 
substantial shortening of the intramolecular coordination N-Te bonds in 15. 

2.4. o-Telluranes RTeX3 

A selection of the X-ray structural data available for 16-2127.*5' is given in Table 3. 

TABLE 3 Bond Lengths (A) and Valency Angles in Compounds 

Bond Length, A Angle (") 
No. A-B Y- 2 X Te-C T e - h ,  Te-X, Te-Z X-TeX Ref. 

16 CH=C(Me) C=O C1 2.135 2.364 2.501 2.438 172.9 46 
17 C=Cb' N=N C1 2.114 2.406 2.487 2.417 171.7 41 
18 CHzCO C="1 CI 2.129 2.438 2.495 2.402 171.3 48 
2 1 b  C=Cb' CH(Me)NMe2 CI 2.078 2.447 2.502 2.406 175.4 49 
19 C(Ph)=CH C=O Br 2.175 2.513 2.660 2.362 d) 50 
20 C=c" C="' Br 2.110 2.589 2.665 2.244 172.4 27 
2113 C=Cb' CH2NMe2 Br 2.122 2.632 2.696 2.42 178.7 51 

a) Mean values are given; b) the C=C bond is part of the phenyl ring; c) and C=N bond is part of the pyridinium 
ring; d) no data available. 
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ORGANUTELLURKJM COMWUNDS 303 

A significant difference is observed in the molecular structure of the o-telluranes RTeX3 
where the organyl substituents possess an arm-like group coordinated to the tellurium and 
those without such an intramolecular coordination. In crystals, the latter cornpounds exist 
either as non-associated monomers possessing a trigonal-bipyramidal configuration at the 
tellurium atom (2-biphenylyltellurium trihalides) or dimers and polymers in which a pen- 
tacoordinated tellurium atom acquires square-pyramidal configuration with the organyl 
group R taking an apical position.29 In the case of the o-telluranes 16, 17 and 19-21 which 
have sufficiently strong intramolecular coordination O+Te and N+Te bonds, the config- 
uration around the tellurium atom in crystals may be described as pseudo-octahedral, two 
elongated bonds with tellurium being formed by the halogens. A distinctive feature of the 
crystal structures of 16,17 and 19-21 is the absence (G-tellurane 1747) or the weakness of 
the secondary Te-Hal interactions as compared to o-telluranes without intramolecular co- 
ordination. While in the latter case the Te-CI and Te-Br intermolecular distances lie in 
the range of respectively 2.717-2.768 A29 and 2.829-2.880 A,29 in 19m, 20, and 21a the in- 
termo1ecularTe.-Br distances were found to be equal to 3.757 A, 3.796 A and 3.896 A, re- 
spectively, thus closely approaching that of the Te-Br van der Waals contact. Compound 18 
reveals, apart from an intramolecular N+Te coordination bond (2.402 A), another some- 
what elongated secondary O+Te bond (2.878 k8). The coordination polyhedron of the 
central tellurium atom in this compound may thus be described as a distorted y-pentago- 
nal bipyramid in which two axial positions are taken by two chlorine atoms. 

16 17 18 

d:e2 Br I ,Br 0 
K[-BF / \  Te .x 

Ph ni: B r  Br x’ 
20 21 

19 

R=R‘=rl, X = B r  (a, 
R=H,  R’=He, X=Cl(b) 

SCHEME 5 

A novel feature of the compounds 21a and 21b is that the N+Te intramolecular coor- 
dination involves an sp3-hybridized nitrogen atom. Judging from the data on bond lengths 
listed in Table 3, the N,,-Te coordination bonds are slightly weaker than those formed by 
the sp*-hybridized nitrogen centres in 17-20. 
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1 -Trichlorotellur-2-methylpenten-4-one 16 is, to date, the only known representative of 
organotellurium compounds (where X-ray structural evidence is available) in which an in- 
tramolecular coordinate O+Te bond is part of a six-membered chelate ring.a The coordi- 
nation polyhedron of the tellurium atom in 16 is of the same type as that in the 6-telluranes 
17-21 with five-membered chelate rings. The Te-Cl axial bonds in 16 are, on average, 0.137 
A longer than the equatorial bonds, the angle Cl,.-Te-Cl, being 172.9. The O+Te coor- 
dinate bond length is 2.438 A. Thus, in the tellurium trichlorides 1 6 1 8  and 21b all in- 
tramolecular coordination bonds fall into the narrow range of lengths between 2.402 8, and 
2.438 8, regardless of the type of C-Te bonds and the hybridization state (sp' or sp') of the 
donor centre. The significantly shortened 0-Te distances observed in 8-ethoxycyclooct- 
4-enyltellurium trichloride (2.419 k) and 2-ethoxycycloheptyltellurium tribromide (2.49 
k) also arise from intramolecular coordination. 

2.5. a-Telluranes R'R2TeX2 

X-Ray structural data are available for only two representatives of this class of compound, 
i.e. 2216 and 23?6 

Br 
22 

SCHEME 6 

23 

Whereas 22 shows a strong intramolecular O+Te attractive interaction (the Te-0 bond 
length is 2.17 1 A), 23 exemplifies the weakest interaction of this type observed in 0-telluro 
compounds (the Te.-0 distance is 2.839 A). In both molecules, the bond configuration 
around the tellurium atoms defines a distorted elongated octahedron with two halogens oc- 
cupying apical positions. The Te-C bond lengths in 22 (2.11 A) and 23 (Te-C, 2.123 8, and 
Te-Bu 2.242 A) are of normal magnitude for these types of covalent bonds, and the valence 
angle (172.4') deviates somewhat from that (180') characteristic of a perfect octahedron. 
Weak intermolecular interactions Te-Br (3.355 and Te-Cl (3.758 k) are observed 
in crystals of, respectively, 22 and 23. 

In summary, the intramolecular coordination interaction 0-Te and N+Te is substan- 
tially stronger in the case of Te(I1) compounds than in that of compounds with tellurium in 
a higher oxidation state, Te(1V). Within the framework of the Te(I1) derivatives, tellurenyl 
halides and acylates RTeX display the shortest intramolecular 0-Te and N-Te contacts 
(i.e. the strongest bonds) falling into the range of 2.130-2.375 A. The greater the elec- 
tronegativity of X, the shorter is the intramolecular coordination bond. When replacing X 
= Hal, OCOR by less electronegative carbon-centred groups in diorganyl tellurides R1TeR2, 
the above indicated range is shifted to the longer distances 2.575-2.773 A. In 6-telluranes 
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of the RTeX3 type, the intramolecular coordination bond lengths lie in the range 2.245-2.44 
A, intermediate between tellurenyl halides and diorganyl tellurides. Data on other classes 
of relevant organotellurium compounds (ditellurides, telluronium salts and type R’R2TeX2 
o-telluranes) are as yet relatively scarce. 

Noteworthy are results of the X-ray study of 2-[(N,N-dimethylammonium)ethyl]phenyl- 
tellurium trichloride No Tea-N coordination exists in this compound since the nitrogen 
lone pair is engaged in the formation of an N-H bond. The protonated nitrogen atom is turned 
away from the tellurium centre and found at a distance of 4.38 A from it. Strong secondary 
interactions Te-Cl are observed in the crystal, this contact (3.337 A) being notably shorter 
than the sum of the van der Waals radii (3.8 1 AJ”). The octahedral structure at the tellurium 
centre has chlorine atoms in the axial (Te-Cl bond lengths 2.487 A and 2.527 A) and carbon 
atoms (Te-C bond lengths 2.134 A and 2.154 A) and C1- in the equatorial positions. 

a c1- 
Te --Br 

c i  ‘c1 

24 
SCHEME 7 

2.6. 0-Telluranes RZ’Te(OR‘), 

This class of material is represented by compounds 25’’ and 26.” 

SCHEME 8 

In contrast to the o-telluro bis-imines 9, in 25 and 26 both imino nitrogen atoms are co- 
ordinated to tellurium. The coordination polyhedron of the tellurium in these compounds 
may initially be viewed as a distorted y-trigonal bipyramid with the oxygen atoms taking 
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the axial positions and the organyl groups and the lone electron pair (phantom ligand) being 
equatorial. The 0-Te-0 angles deviate substantially from the ideal 180' value and were 
found to be 164.9' in 25, 162.1' in 26a and 167.8" in 26b. 

The intramolecular Te-N bonds in 25 (2.924 A), 26a (2.840 A) and 26b (2.899 A) are 
significantly longer than those found in the organotellurium compounds 4,5,8-12.14.15. 
17,18, and 20 possessing similar bonds. Nevertheless, it is these relatively weak intramol- 
ecular coordination bonds which define the observed cisoid conformations of both N-arylim- 
inoformyl fragments in 25. Accounting for these bonds, the coordination polyhedron may 
be described as yl-pentagonal bipyramidal. 

3. THE MOLECULAR STRUCTURE OF COMPOUNDS WITH N(O)-+TE INTRA- 
MOLECULAR COORDINATION IN SOLUTION 

Evidence for the presence and rupture of intramolecular coordination bonds in organotel- 
lurium compounds in solution has been mostly obtained by '=Te NMR spectroscopy, and 
by measurement of dipole moments and Kerr constants. Important information has been 
also provided by 'H and "C NMR, infrared and Rman spectral studies. 

3.1. I2'Te NMR Spectral Studies 

The principal question of whether secondary intramolecular Tea-N bonds in the compounds 
under consideration are retained in solution in organic solvents may be answered by study- 
ing the 'UTe NMR spectra of lsN-enriched compounds to determine J('sN-'2JTe), the scalar 
one-bond nuclear spin-spin coupling constants. The magnitude of these constants provides 
insight into the nature and the strength of the respective bond, whereas their temperature 
dependence may be used for the kinetic characterisation of the stereodynamic behaviour of 
organotellurium compounds related to the dissociation of N-bTe bonds in solution. InTable 
4 IJ(TeN) spin-spin coupling constants are listed dong with ILsTe chemical shifts of 6, 9, 
14,15, and 27-32.1433W.M.r).~4',sJ The former constants are to be compared with the recently 
recorded lJ('ZSTe-'sN) = 157 Hz for the covalent Te-N bond in benzoisotellurazole 33.2' 

That the intramolecular coordination Tea-N is preserved in discrete molecules of9.14. 
28,30, and 31 in solution and provides an effective pathway for spin-spin coupling is man- 
ifested by the characteristic high values of 'J(TeN), as shown in Table 4. As might be ex- 
pected, 'J(TeN) for benzoisotellurazole 33 is higher than the coupling constants listed in 
Table 4, a consequence of the shorter Te-N distance in 33 (2.1 1 A ") and a greater degree 
of s-character in the bonding orbital of the tellurium atom forming the covalent bond with 
nitrogen. In solution intramolecular coordinated and noncoordinated forms, the latter not 
showing the Te-N one-bond nuclear spin-spin coupling, exist in a dynamic equilibrium. For 
a number of compounds the interconversion of these forms is relatively slow (the frequency 
at room temperature is lower than the difference of the chemical shifts of the two forms) 
and each conformer displays a distinct '=Te NMR spectral signa1. This is, for example, the 
case with the trichloromercurate 15 whose jZsTe NMR spectrum in DMSO solution consists 
of two single peaks at 1056.4 and 1059.1 (minor conformer) ppm.4' The spectrum is inter- 
preted to indicate dissociation of the intramolecular coordinate Te-N bond. 
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c 1 

27 

30 

28 

31 

29a 

33 
SCHEME 9 

TABLE 4 ' T e  NMR Chemical Shifts and 'Te-l'N Spin-Spin Coupling Constants of 0-Tellurated Azomethines 

Compound Solvent 'Te'  6, ppm" J'TeJJN, Hz 

6 
9 
14 
15 
27 
27 
27 
27 
28 

29 
29 
2% 
30 
30 
31 
324 

32 
32 
32 
32 

m 

32 
32 
32 

32 

32 

R = Ph 

R = H, X = C1 
R = H, X = Br 
R =  H, X = I  
R = Me, X = F 
R = H  
R=Br  
n=O 
n =  1 

R = H  
R=Br  

RI = 4-Me, R' = 4-OMe 

CHClp 
C m l j  
CHCIj 

DMSO-4 
CDCIj 
CHCI3 
CDClj 
CDClj 
CHCl3 
CDCIs 
CDCI3 
cDcl3 
CDClj 
CDClj 
CDCIj 
CDCb 
CDCIj 

DMSO-4 
CDClj 
CDCI, 
CDClj 

DMF-d, 
CDCI, 
CDClj 

DMSO-d6 

CD2C12 

1407,l5ll 
600.0 
641.5 

1056.4, 1059.1 
1355.0 
1316.0 
1187.0 
1634.8, 1633.5 
483.0 
484.8 
464.1 
464.4 
464.9 

1027.0 
1036.0 
636.0 

1056.0, 1076.0, 
I104.0 
1055.0.1122.00 
1056.0, 1102.0 
1057.0, 1105.0 
1055.0, 1108.0 
1056.0, 1105.0 
1056.0, 1107.0 
1104.0 
1179.0 
998.0 

1111.0 
1 122.0 
1089.0 
1100.0 
1052.0 

a) Chemical shifts were measured upfield from Me2Te; b) compounds do not contain "N; c) 'Te-"N spin-spin 
coupling given poorly resolved multiplets owing to the quadrupole effects of the halogen atoms; d) R = Me 
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CI Cl 
SCHEME 10 

The same doubling of Iz5Te NMR spectral signals was also observed in the spectra of the 
azomethine derivatives 32 in CDC13 solution at room temperature. By contrast, the 'H NMR 
signals of 32 under the same conditions are not doubled, a fact explained by the apprecia- 
bly smaller difference of proton chemical shifts compared to those of tellurium nuclei. The 
consequence of this fact is the observation of 'H NMR spectra averaged over two inter- 
converting forms. Also in CDC13 solutions of '5N-enriched isotopomers of 32 (R' = 4-Me, 
R2 = 4-OMe), no splitting due to '5N-'25Te coupling was observed which may be understood 
considering the similarity of the IJ(Te-N) constants and the proton chemical shift differ- 
ences. 

Whereas donor and polar solvents like DMSO and CDC13 compete with the nitrogen atoms 
positioned within an organotellurium compound for the coordination site at tellurium, more 
inert solvents, e.g. benzene, do not disturb the intramolecular coordination (Te-N) upon sol- 
vation. Thus, the '=Te NMR spectrum of 32 (R' = H, R2 = Me) reveals the existence of a sin- 
gle, presumably intramolecularly Te-N coordinated conformer in benzene ~olution.'~ 

Noteworthy is the dynamic behaviour of 9, ortho-tellurated azomethines, in solution. In 
the '=Te NMR spectrum of the '5N-iabelled compound 9c (R = Ph) in CDC13 solution, the 
signal of the I2Te nucleus appears as a triplet with a I5NJZ5Te spin-spin coupling constant 
of 61 This value is approximately half as large as similar spin-spin coupling con- 
stants of imines of other ortho-tellurated azomethines listed in Table 4. 

9c 9d 9e 
SCHEME 11 

31 

Both the form of the signal and the value of the spin-spin coupling constant show the 
presence, in solutions of 9c. of a very fast (on the NMR time scale) equilibrium 9c G 9e, 
where 9d may serve either as an intermediate or a transition state structure for which the 
lifetime of the 10-Te-3 isomers (9c, 9e) is so short that it does not lead to the reorientation 
of spins in the transformation to 9d.I4." As in the spectrum of the telluride 9c, in the 125Te 
NMR spectrum of the 15N-labelled tellurium dichloride 31 a triplet is observed with a I5N- 
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IzTe spin-spin coupling constant (122 Hz) substantially exceeding the value found for the 
corresponding telluride.14.’4.55 

3.2. Dipole Moments and Kerr Constants 

Additional evidence for the existence of intramolecular coordinate N+Te bonds in 28, 9 
and 32 on top of that drawn from the studies of their lZsTe NMR spectra was obtained by 
measuring their dipole moments and molecular Kerr  ons st ants.'^.'^.'^ Table 5 contains these 
data for the 2-(butyltelluro)benzalanilines 28.” It was found that a sufficiently close agree- 
ment between the experimental and the theoretically calculated dipole moments and Ken 
constants is achieved only in the case of the conformation of 28 where intramolecular N+Te 
coordination is present. The azomethine fragment was found to be coplanar with the C-aryl 
ring, whereas the N-aryl ring is twisted 0-90” out of the plane of the rest of the m01ecule.S~ 

TABLE 5 Dipole Moments and Kerr Constants of 2-(Butyltelluro)- 
benzalanilines 28 in Dioxane 

Kerr constant 
R Dipole moment, p, D (mkz) un. CGSE 

4-NMez 1.94 
4-Me 1 S O  
H 1 .a 
4-CI 2.92 
2.3,4,5,6-Fs 2.98 

730 
525 
334 
97 1 
946 

In Table 6, experimental dipole moments for bis-imines of bis(2-formy1phenyl)telluride 914 
are compared with those calculated by vector addition of group dipole moments under the as- 
sumption of two intramolecular coordination Te-N bonds in these compounds. As can be 
seen from the data, the calculated dipole moments of compounds with regular (the group di- 
pole is aligned with the R-C(Ar) bond) para-substituents (compounds 3,4’and 8 in Table 6) 
differ substantially from the experimental values. Hence, the assumption of stable structures 
of type W with two N+Te coordination bonds is not supported by the dipole moment data. 

By contrast, a study of the dipole moments of the azomethines 32 gives evidence of re- 
tention of two N+Te coordinate bonds in solution in nonpolar solvents. This conclusion stems 
from the satisfactory agreement between the experimental and vector addition calculated val- 
ues of the dipole moments (Table 7),” assuming an approximate constancy of the 0-Te-0 
angle in the various compounds. Only in the case of 1,15,14 and 20 (Table 7) containing a 
nitro substituent in the aryl moiety, are the calculated dipole moments for the conformation 
32 considerably lower than the corresponding experimental values. This indicates that for 
these compounds the C2-conformation, seen in the crystalline phase, is not stable in solution. 
The main reason for the destabilization of the conformation 32, in these compounds lies, most 
probably, in a sharp decrease in the donor capacity of the imine nitrogen, because a strongly 
electron-withdrawing substituent (nitro group) is conjugated with the imine nitrogen atom. 
The energy of the weak intramolecular N+Te bond observed in the crystal seems to be in- 
sufficient for maintaining the sterically constrained conformation 32 in 
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TABLE 6 Dipole Moments of Tellurides 9 (benzene, 
25°C) 

No. 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
I 1  

P a p . '  D ____ 
2.18 
4.53 
3.51 
2.68 
3.61 
3.15 
4.94 
6.89 
2.14 
3.04 
1.64 

Pca~c: D 

2.18 

5.50 
2. I4 

9.11 

~~ ~ 

TABLE 7 Dipole Moments of Diorganyl[bis(2-arylideneamino)aryloxy]~llu~es 32 (benzene, 25 "C) 

NO. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

~ 

3.54 
4.50 
2.06 
2.41 
2.82 
3.19 
4.64 
5.80 
4.95 
5.15 
4.05 
5.16 
5.15 
4.87 
5.75 
6.20 
5.02 
6.14 
3.52 
4.43 
2.13 

LI~., D 

1.40 
4.00 
2.06" 
2.41') 
2.49 
3.08 
4.45" 
5.62" 
4.94' 
5.24" 
5.17" 
C) 
C) 
3.16!" 
3.5 1 ') 
C) 

C) 
C) 
3.08 
1.40 
2.49 

a) Taken as found experimentally and used for the calculation of the dipole moments of the other com- 
pounds, b) the group moments of the NMe2 and NO2 groups equal 4 . 8  Du are added to the interaction 
moments directed along the Ar-N bond line; c) with the presence of two substituents possessing strongly 
cumulative electron-donating and electron-accepting effects in different aryl nuclei the p values remain 
uncertain 

4. THE NATURE OF AND TRENDS IN THE PROPERTIES OF INTRAMOLEC- 
ULAR N(O)+TE BONDS 

The X-ray crystallographic and spectral data considered in Sections 2 and 3 offer convinc- 
ing evidence that organotellurium compounds with pendant functional groups contain five- 
or six-membered chelate rings formed by rather strong intramolecular N+Te and 0-Te 
bonds. Such examples of attractive interactions between two electron-rich centres seem to 
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be in contradiction with common bonding models although it has been long known that for 
third and subsequent period elements up to six electron pairs may be accommodated in the 
valence shell of a central atom, especially when bonded to highly electronegative ligands. 
Compounds like SF6 and CIFs obey a dodecet rule ( ~ e e ~ ~ . ~ )  but not the Lewis octet rule and 
it is the propensity of chalcogen atoms to expand their electron shell beyond the octet that 
makes possible the formation of intramolecular coordination bonds in compounds similar 
to 1-5 and others considered in this paper. 

A peculiar feature of the intramolecular coordination bonds in these compounds is the 
very wide variation in their lengths (see Tables 1-3) and strengths. From an analysis6' based 
on ab initio calculations of a series of representative organosulfur compounds with sulfur- 
oxygen intramolecular attractive interactions, it follows that the two most important fac- 
tors contributing to S - 0  bonding are electrostatic and %-O*S.R orbital interactions. The 
very existence of a chemical bond is confirmed by the non-zero electron population of the 
S . - 0  bond. CND0/2 calculations carried out for organotellurium compounds such as W37 
are also in line with the conclusion that electron density accumulates in the region between 
the tellurium centre and the coordinated oxygen.= 

34 35 36 
SCHEME 12 

37 

Recent ab initio calculations of the Laplacian of the electron density in the selenoimi- 
noquinones 38 clearly indicated a significant concentration of electron charge between the 
selenium and the oxygen centres.' 

0 - Se-R 

30 a) R = C1, (Se.a.0) 2.08A 62 

b) R = Ph, (Se..-O) 2.48A ' 
SCHEME 13 

There remains only one step in an unequivocal and consistent theoretical identification 
of the chalcogen-N(0) bonds, currently considered to be of fractional order, as true chem- 
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ical bonds; that is a more detailed consideration of Bader’s topological analysis of the dis- 
tribution of the electron density. The location of a “bond critical point” between the two 
atomic centres would serve to provide convincing evidence of the presence of a chemical 
bond. Such an approach has been recently applied to an investigation of the nature of the 
Si-N bond in neutral hypervalent silicon compounds, the ~i la t ranes .~~ 

Considering that the N-Te and the 0.-Te contacts in the compounds 1-5,8-12,14,15, 
17,19,20,22, and 23 fall in a range between the sum of van der Wads radii (3.60 8, for 0- 
Te and 3.70 8, for N-Te) and the sums of the covalent radii (2.00 8, for 0-Te and 2.10 8, for 
N-Te’) and thus possess the properties of a real chemical bond, they should be treated as 
parts of three-centre four-electron hypervalent bonds of the type N-Te-Y and 0-Te-Y where 
Y = Hal, OR, Alk, Ar. 

The shortest known Te-N bonds (1.92 8,) have been found in the Te(1V) phosphorane 
imidates (Ph3P=N)* TeC12 and Ph3P=NTeC12Ar.” 

The underlying features of the chemical bonding in hypervalent molecules have recently 
analyzed in much detail.- The dominance of ionic and covalent (n-+o*) contributions 
with d-orbital participation was stressed and the wide spectrum of bond lengths and other 
bond properties of hypervalent molecules was explained by changes in the relative weight 
of the ionic and covalent factors. 

In the framework of this model of hypervalent bonding, the important trends in struc- 
tural characteristics observed for organotellurium compounds with intramolecular coordi- 
nation bonds as well as of their sulfur and selenium analogues may be readily understood. 
The larger the n+o*p.y interaction, the shorter is the N(0)-Te distance. With increasing 
electronegativity of the substituent Y on the tellurium atom the energy level is low- 
ered which enhances the n-m* orbital interaction and results in shortened the N(O)+Te 
intramolecular coordination bonds. As seen from the data of Table 1, this is precisely the 
order of increase in the electronegativity of the substituents at tellurium in 3-5,14,15,17 
and 20. The same correlation is valid for similar organosulfur compounds,”6’”9 for example 
3 9 4 1  and the organoselenium compounds 38. 

39 40 41 
a) Y = C1, H (S...O) 2.379 8, (S...O) 2.743 8, (S***O) 2.956 A 
b) Y = OMe, (S...O) 2.458 8, 
c) Y = SMe, (S . . .O)  2.64 8, 

SCHEME 14 

With increasing electronegativity of Y in the ortho-tellurated azomethines 4 the fre- 
quencies and intensities of the v(TeN) vibrations increase, a fact which clearly indicates a 
strengthening of the intramolecular Te-N bonds.*? 
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Another important trend is the lengthening of the N(0)-Te intramolecular coordination 
bonds in analogous compounds when the tellurium goes from a lower to a higher state of 
oxidation, i.e. from Te(I1) to Te(IV), cf. Tables 1 and 3. This trend is explained by the pre- 
vailing role of the electrostatic term of the Te-N bond energy in the case of the intramol- 
ecularly coordinated Te(IV) compounds 16-21. More complete data for the organosulfur 
compounds 39b, 40 and 41m are in full accord with the tendency for elongation of in- 
tramolecular coordination bonds formed by chalcogens and other lone pair atomic centres. 

5. INTRAMOLECULAR N(O)+TE COORDINATION AS THE FACTOR PROVID- 

In contrast to their sulfur and selenium analogues, organotellurium(I1) compounds are often 
prone to disproportionation and decomposition with extrusion of elemental tell~rium.’~ 
Several conceivable approaches aimed at the enhancement of the stability of organic Te(I1) 
compounds include: a) kinetic stabilization through high steric demands of the organic moi- 
eties, b) reduction of the Lewis acidity of the central tellurium atom by complexation with 
electrically neutral ligands or c) by intramolecular coordination. The latter approach should 
be considered as the most efficient way and sufficiently stable organotellurium compounds 
bearing functional groups coordinated to the Te(I1) centres within a molecule serve as use- 
ful synthons in preparative organotellurium chemistry, particularly in the chemistry of tel- 
lurium-containing heterocycles. 

ING STABILIZATION OF FUNCTIONALIZED TE(II) COMPOUNDS 

5.1. Tellurenyl Derivatives RTeX 

5.1.1. Tellurenyl Halides RTeHal 

Whereas sulfenyl and selenyl halides are known to be rather stable compounds, their tel- 
lurenyl analogues obtained by reaction of ditellurides with  halogen^'^-'^ or organyltellurium 
tri~hlorides~~.~’ rapidly decompose when exposed to air or in solution. Of arenetellurenyl 
halides, the most resistant to decomposition are the iodides which may be stored in a dry 
atmosphere for several weeks.” Quite the reverse, in the case of alkanetellurenyl halides 
the highest stability is displayed by the chlorides, whereas alkanetellurenyl iodides at room 
temperature undergo decomposition in a few min~tes.’~ 

Intramolecular coordination of TeHal groups in arenetellurenyl halides by orrho-posi- 

N02,89 and CHZNR’R’~~-” strongly stabilizes these compounds. A similar stabilization is 
also achieved in alkanetellurenyl halides possessing O+Te intramolecular coordination 
bonds, but the effect is less pronounced compared to their arenetellurenyl analogues.w 

Although halogenolysis of ditellurides is the most common route to tellurenyl halides, 
it is rarely employed for the preparation of compounds stabilized by intramolecular coor- 
dination. Instead, reactions such as scission of C,,-Te bonds by  halogen^"^^^^^^^^^^^^^-^ or hy- 
drogen  halide^'^.''.^^.^^^' as well as controlled reduction of aryltellurium trihalides 19.23.27.36.49~1.87.89 

have proved useful. The two former reactions have been mostly applied to the preparation 
of arenetellurenyl halides with carbonyl3,42 or azomethine-containing substituents 4 (Y 
= CH) in the ortho-position. 

tioned functional groups CH0,22.76 COR,’.7.24,77-W CONH2, CH=NR,14.p.2’,23.27.36,)7.8~ N=NR,I9 
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4 
R = Alk, Ar, NHAr 

n X 

42 
X = C1, Br 

SCHEME 15 

The presence of COR groups ortho to the TeHal group is essential for the formation of the 
arenetellurenyl halides 3. In the case of 4-acetylphenyltelluroacetaldehyde diethyl acetal, hy- 
drolysis under analogous conditions leads to the formation of the corresponding ditell~ride.~~ 

In some cases C,-Te can also be cleaved by acid hydrolysis.R' 
The synthesis of the 2-chlorotelluro ketones 3 and 2 was realized by use of a specific 

thermal or Lewis acid catalyzed rearrangement of o-(aryltel1uro)benzoyl ~h1orides~~~"~" and 
P-(aryltel1uro)propenoyl ~ h l o r i d e s . ~ ~ . ~ ~ . ~  

By controlled reduction of aryl(heteroary1)tellurium trihalides containing 2-pyridyl 2737.R7 

substituents, the respective tellurenyl halides have been obtained in good yields. 

5.1.2. Arenetellurenyl Acetates ArTeOAc 

Arenetellurenyl acetates not stabilized by intramolecular coordination have not yet obtained. 
With azo or azomethine groups located in the o-position to the TeOAc substituent, the tel- 
lurenyl acetates 4c and 4d could be obtained by exchange reactions of the corresponding 
tellurenyl halides with AcONa= or AcOAg.I4."' Recently a new reaction, the coupling of the 
anhydrides of arenetellurenic acids 43 with acetic anhydride, has been describedR" to afford 
type 4c and 4d compounds. 

5.1.3. Arenetellurenyl Thiocyanates ArTeSCN 

When diary1 ditellurides are allowed to react with thiocyanogen at low temperature, unsta- 
ble arenetellurenyl thiocyanates can be obtained isolated as adducts with thiourea, 2-pico- 
line or other nitrogen ba~es.9~ On the other hand, the tellurenyl thiocyanate 4e prepared by 
exchange reaction of the corresponding tellurenyl chloride with NH4SCN is stable in the 
crystal line state.?' 
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2 R 

J 
x = ci ,  ar,J R = H , M e  

Qpt 
Te Sr 

R 8 Ke.Ph ; R' = Me, Bu 3 

CH=CHPh CH=CKPh 

WX a -  TeX 
_ -  

x = ci, ar, 3 
CH=CKAr 

3 
SCHEME 16 

OR OR 

R=He,Et 
SCHEME 17 

5.1.4. Arenetellurenyl Azides ArTeN3 

Intramolecular N+Te coordination stabilises the arenetellurenyl azides 44 obtained by re- 
action of tellurenyl bromides with sodium azide.s6 Actually, all attempts to prepare ben- 
zeneselenenyl azide by exchange of chlorine in benzenelselenyl chloride with azide ion 
failed since the initially formed benzeneselenenyl azide immediately decomposes to give 
diphenyl diselenidew (mesityleneselenenyl azide is more stable due to steric hindrance cre- 
ated by the o-methyl groups; it can be preparatively isolated). Considering that ArSeX com- 
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3 I6 W. R. MCWHINNIE er al. 

pounds are, in general, more stable than their tellurium analogues, it would be hardly pos- 
sible to isolate tellurenyl azides in which the tellurium atom does not participate in in- 
tramolecular coordination. 

Y C O C 1  R T e A r  

c l  
SCHEME 18 

Te Clj TeCl 

Tear3 Tear 

P R 

X = C1, Br; R1 - RZ -RZ - Me; R = H, Me 
SCHEME 19 
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CN2 a y * x a  AcO-. a'::c ~ - x- TeX TS-),O 

4 c,d 43 

X = C1; Y = N; R = Ph (c); X = Br; Y = CH; R = 4-MeC6H4(d), 
4-MeOSH4, 2, 4, 6-Me3C6H2 

SCHEME 20 

317 

4e 
SCHEME 21 

44 
Ar = Ph, 4-MeC6H4 

SCHEME 22 

5.1.5. Esters and Anhydrides of Arenetellurenic Aciak 

Stabilized arenetellurenic acid esters 45 have been prepared by treatment of tellurenyl bro- 
mides with sodium methoxide in chloroform solution.86 By hydrolysis of the esters 45, 
arenetellurenic acid anhydrides 43 have been prepared by spontaneous dehydration of the 
intermediate tellurenic acids. Similar reactions are known for areneselenenic acids in which 
the aryl ring contains o-nitro or -carboxy ~ub~ t i tuen t~ .~~-~ '  
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318 W. R. MCWHINNIE ef al. 

5.2. Aryl Cyclopentadienyl Tellurides 

Attempts to prepare aryl cyclopentadienyl tellurides by coupling metal salts of cyclopen- 
tadienes with benzenetellurenyl bromide were unsuccessful.39 Stable tellurides 46 were, 
however, obtained from this reaction when the arenetellurenyl bromides contained o-formyl 
or o-aldimino groups capable of forming strong N(O)+Te intramolecular coordination 
bonds. These are crystalline compounds with long term stability when stored in air. 

R.&R + 
4 2  
M+ 

R = C02Me: R‘ = C02h,:: ? 

5.3. Tritellurides RZTej 

= 0, NPh, 2- :C6H4; R’ = Me: Y = NPh, MeOC6H4 
SCHEME 24 

The first representative of diorganyl tritellurides, bis[tris(trimethylsilyl)methyl] tritelluride 
[(Me3Si)3CI2Te3% owes its stability to the steric constraints for any attack at the tritellurium 
bridge. By contrast, the thermal and kinetic stability of the tritelluride 12 is due to the pres- 
ence of an intramolecular N+Te coordination bond. Bis[2-(2-pyridyl)phenyl] tritelluride 
has been synthesized by reduction of 2-(2-pyridyl)phenyltellurium tribromide with 
NaBH4.27.37 The mechanism of this reaction, the initial stage of which is the formation of el- 
emental tellurium, remains uncertain. 

12 
SCHEME 25 

For the formation of the quinoline analogue of 12, prepared in high yield by reduction 
of a mixture of [2-(2-quinolyl)phenytellurium tribromide and elemental tellurium with 
NaBH4,2’ the following reaction sequence has been suggested [R = 2-(2-quinolyl)phenyl]: 
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RTeBr3 + NaBH4 + RTeBr 
Te + Na BH + NazTe 
RTeBr + Na2Te + R2Te3 

From this scheme it seems that its last stage may have good potential as an independent 
reaction for the preparation of a number of stabilized diary1 tritellurides from arenetellurenyl 
bromides and sodium telluride. 

5.4. Bis(organy1thio) Tellurides (RS)2Te 

Bis(organy1thio) tellurides 47 are generally obtained by treatment of thiols with sodium 
tellurite.'" 

By this reaction, bis(pheny1thio) and bis(2-naphthylthio) telluride have been prepared 
and isolated. However, both these compounds decompose to disulfide and tellurium when 
stored as solids and more rapidly in solution. Much more stable are 47a-c which contain 
carboxy groups capable of forming chelate rings via intramolecular O+Te coordinate 
bonds. 

R = H,Me 
SCHEME 26 

The formation of these bonds is clearly indicated by the low-frequency shift of the vco 
vibrational bands in compounds 47a-c relative to the respective ligands. In the case of the 
five-membered ring compound 47a. the decrease in the v,, frequency amounts to 30 cm-I, 
while in the six-membered ring compounds 47b,c it is only 10-15 cm-I. Such a trend ob- 
viously shows stronger OdTe  interaction and a greater resulting stabilizing effect in the 
five-membered chelate ring compound 47a compared to the six-membered ring analogues 
47b.c. This observation i s  in line with the fact that virtually all the organotellurium com- 
pounds considered above (with the exception of I-(trichlorotelluro)-2-methylpentan-4-one) 
belong to the structural type where intramolecular coordinate bonds are involved leading 
to five-membered chelate rings. 
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6. INTRAMOLECULAR N(O)+Te COORDINATION AND REACTIVITY OF 
ORGANOTELLURIUM COMPOUNDS 

The influence of intramolecular coordination on the reactivity of organotellurium com- 
pounds has, as yet, been little studied. The available data are mostly of a qualitative nature, 
the effects of N+Te intramolecular coordination having being studied in much more de- 
tail than those of O+Te coordination. 

6.1. Reduction of C=N Bonds 

Whereas the C=N bonds in aromatic azomethines are known to be readily reduced upon 
treatment with NaB& in ethanol solution at ambient temperature no such reaction occurs 
with 2-(butyltelluro)benzal-4'-methylaniline upon reflux of its solution with NaBH4 for a 
long period.& On the other hand, the oxygen analog 2-methoxybenzal-4'-methylaniline 
shows no abnormal behaviour and affords the corresponding secondary amine in high yield. 
2-(Trichlorotelluro)benzal-4'-methylaniline when treated with N a B a  undergoes simulta- 
neous reduction of both the C=N bond and the TeBr3 group, which gives rise to the sec- 
ondary amine 6.= Replacement of the 4-methyl group by the bulkier t-butyl group in the 
2,4,6-positions inhibits the former reaction. 

6.2. Oxidative Addition of Halogens 

Oxidative addition of halogens to aryl alkyl tellurides readily affords stable arylalkyltel- 
lurium dihalides.'O By contrast the o-tellurated azomethines 28'4~*"~85.~ and 8% when treated 
with halogens or sulfuryl chloride undergo scission of the C,,-Te bond which leads to the 
formation of the tellurenyl halides 27 and 27a. respectively, in high yield. The reaction pro- 
ceeds through the o-tellurane intermediates 48 which exist in solution at low temperature 
as proved by IH NMR spectral studies." When the temperature is raised to ambient, butyl 
halide is eliminated giving rise to the tellurenyl halides 27. 

r 1 

R = Ph, X = C1; R = 4-MeC&: X = C1, Br, I; R = 4-MeOC6H4: X = C1, Br, I; 
R = 2,3,4,5, 6-FsC6: X = Br, I 

SCHEME 27 

Such a reaction can be accounted for by two factors: (1) strong stabilization of the 10- 
Te-3 structures 27 due to the coordination of the azomethine nitrogen to the tellurium atom, 
(2) by the favourable steric conditions for nitrogen-tellurium n(N)+o*(Te-Bu) electron de- 
localization in the intermediate 48, and (3) the fact that the Tet-N coordination will make 
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2 7a a 
SCHEME 28 

the carbon atom adjacent to tellurium susceptible to electrophilic attack. As seen from the 
orbital interaction pattern such a delocalization leads to a considerable weakening of the 
Te-C bond which forms with the N+Te fractional bond an angle of about 180".'* 

48 51 
SCHEME 29 

There are many known examples of reactions facilitating C-X bond rupture which occur 
when interacting fragments meet each other in appropriate steric positions providing a 
large no-o*(X-C) or nN-o*(X-C) overlap and consequently, a partial population of the an- 
tibonding a*(X-C) orbital. Indeed, 2-benzal-4'-methylaniline(methyl)tellurium 49, in 
which the N+Te coordination is sterically inhibited, forms the corresponding tellurium 
dihalide under the same conditions. o-(Halotel1uro)benzalanilines 27 rather than a-tellu- 
ranes 48 are also formed when 2-(butyldibromotel1uro)benzaldehyde reacts upon heating 
with primary amines, although the tellurium dihalides 48 are obviously the initial prod- 
ucts of this 

48 
SCHEME 30 

27 

It should, however, be noted that 50, analogous to 48, obtained by addition of bromine 
to the respective telluride, is a stable high-melting compound (m.p. 160°.R7) 

Thus, regardless of the nature of the substituents in the N-aryl rings of the aromatic azome- 
thines 28, their halogenation leads, as a rule, to tellurenyl halides. Similar reactions with 
arylhydrazones of 2-(butyltel1uro)benzaldehyde 5lSs proceed differently. Whereas the pres- 
ence of electron-releasing substituents (R = Me) in the arylhydrazone ring favours cleav- 
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50 
SCHEME 31 

age of the CSpt-Te bond upon bromination which results in the formation of the tellurenyl 
bromide 52, in the cases with R = H or 2,4-(N0& arylhydrazones of 2-(butyldibromotel- 
1uro)benzaldehyde 53 are formed. 

52 
R = 4-Me 

51 53 
R = H, 2,4-(NO& 

SCHEME 32 

Substituents in the aryl ring of arylhydrazines exert similar influence on the outcome 
when these compounds react with 2-(butyldibromotelluro)benzaldehyde. When 0- or p- 
tolylhydrazines are involved, reaction in both toluene or chloroform leads to arylhydra- 
zones of 2-(bromotel1uro)benzaldehyde 52 via the o-telluranes 53 which readily eliminate 
butyl bromide. With the derivative of 2,4-dinitrophenylhydrazine in refluxing toluene so- 
lution, the arylhydrazone 53 is the final product as is the case for the reaction of the phenyl- 
hydrazine derivative in chloroform solution at room temperature.R8 

53 52 
R = H, 2,4-(N02)2 R = H, 4-Me 

SCHEME 33 

The o-telluranes 54, which are formed upon treatment of 2-(alkyltelluro)benzyl- 
dimethylamines with sulfuryl chloride lr’ or br~mine,’~ are also rather stable. Their stability 
is caused by the intramolecular coordination N,,>-Te bond which is only slightly weaker 
than the more extensively studied NSp1-Te bonds. 
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R L  R' 

54 
R' = H; R = Me, Et, Bu; R' = R = Me; X = C1, Br 

SCHEME 34 

6.3. Reactions of o-Telluranes 

Intramolecular N+Te or O+Te coordination enhances the hydrolytic stability of o- 
telluranes. The diorganyl(diary1oxy)telluranes 32 are not subject to hydrolysis even after 
prolonged contact with wate~,'~.'O~ whereas diaryl(dialkoxy)telluranes without N+Te 
bonds are hydrolyzed instantaneously upon exposure to moist air.Ioz Similar properties 
are characteristic of the intramolecular coordination bonds in the trichlorotellurane 18 
considered above, as well as those of 552 and 56 prepared by coupling of the appropri- 
ate ketones with TeC14.4* All of these are almost inert to the action of water at room 
temperature. 

55 56 
SCHEME 35 

As expected the electrophilicity of the Te(1V) centre in TeCb groups involved in coor- 
dination with nitrogen or oxygen ligating atoms is lowered compared to that of the non-co- 
ordinated group. Thus, while acetophenone and its derivatives afford o-telluranes of the 
type (ArCOCH&TeC12, reactions of TeCLIm'" with 2,6-diacetylpyridine, 2-acetylcyclo- 
hexanone or 3-acetyl-7-methoxycoumarine stops at the stage of the cr-tellurane 
RCOCH2TeC13 18,55 and 56 even if the carbonyl-containing component is taken in two- 
fold molar excess. Illustrative is an example of the reaction of mesityl oxide with tellurium 
tetrachloride in chloroform solution, which gives rise to 1 -trichlorotelluro-2-methylpentan- 
4-0ne.I~ Therefore, the reaction occurs at the methyl group adjacent to the double bond, 
but not that adjacent to the carbonyl carbon atom as was the case in analogous reactions 
with acetophenonelm.'"' and other methyl ketones." A possible mechanism might be initial 
substitution at the Csp) centre attached to the carbonyl carbon atom with subsequent re- 
arrangement of the intermediate thus formed to 16. Most probably, the driving force of the 
reaction is the strong stabilization of 16 by the relatively short intramolecular 0-Te co- 
ordinate bond (2.44 A) (see Section 2.4). 
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It seems po~sib1e.l~~ that by the same reason tellurium tetrachloride attacks a terminal 
rather than the internal carbon centres of 1,3-diketone which leads to formation of l-tellu- 
racyclohexane-3,5-dione 1 ,I-dichlorides.”’ By substitution of the hydrogen atoms in the ter- 
minal groups the tellurane 57 stabilized by an intramolecular coordinate T e t O  bond is 
formed. 

57 
SCHEME 36 

Reaction of organyltellurium trichlorides or bromides with organylmercury halides leads 
to diorganyltellurium dihalides and HgHa1,;’O It is one of the most important methods of 
preparation of both symmetrical and unsymmetrical diorganyltellurium dihalides. However, 
when the formation of an intramolecular coordinate bond with participation of the tellurium 
centre becomes possible in the final product, the reaction with arylmercury halides gives 
rise to 2-(2-pyridyl)phenylhalotelluronium trihalomercurates 15.”“’ 

Similar products are formed upon treatment of 2-(chloromercuro)benzyldimethylamine 
with aryltellurium trichlorides.5’ 
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6.4. Rearrangement of Dihalotellumchmmnones 

Dihalotellurochromanones 58 undergo an unusual rearrangement which involves fission of 
the C,,-Te bond and formation of 2-(~-halopropionyl)phenyltellurenyI halides 3d.” In the 
case of dichlorotellurochromanone, elimination of hydrogen chloride from 3d is observed 
which gives rise to 3dl as the final product. The rearrangement requires rather severe re- 
action conditions: 20-30 hours of reflux for solutions of 58 in chloroform, brombenzene 
or nitrobenzene. 

CHZCK~X Cn =CH* 

A @,o TeX 
Te 

x’ ‘x 
50 3d 

X = Br, I 
SCHEME 39 

3dl 

A possible reaction pathway for the rearrangement, the driving force for which is a p  
parently the strong stabilization of the final 10-Te-3 telluranes 3d and 3dl by O+Te bonds, 
may include predissociation of the Te-X bond in 58 with subsequent migration of halide 
anion to the P-carbon atom. 

Of particular interest would be to study the tendency of the five- and seven-membered 
analogues of 58, i.e. the tellurium dihalides 59 and 60 to undergo the above rearrangement. 

d ?Y 
x x  

0 

x’ ‘x 

59 60 
SCHEME 41 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



326 W. R. MCWHINNIE et al. 

6.5. Nucleophilic Substitution of Chlorine at  the sp2-Curbon Centre of PChloravinyl 
Carbonyl Compounds by Aryltelluralate Anions 

An interesting example of the influence exerted by intra-molecular O+Te coordination on 
the stereochemical outcome of nucleophilic vinylic substitution is given by the recently 
studied reaction of P-chlorovinyl ketones 61a-d with tellurolate anions.Im Regardless of 
the initial configuration at the double bond in 61, the reaction leads to the formation of only 
(Z)-isomers of 62a-d. i.e. inversion of configuration of (E)-61 and retention of configura- 
tion for (2)-61. 

Ar Ar 

62 

The intramolecular O+Te coordination in the intermediate anion, formed during the ad- 
dition elimination process, determines the stereochemical course of this reaction. 

7. MOSSBAUER SPECTROSCOPY 

Reaction of (2-phenylazophenyl)tellurium(IV) trichloride 63 with dimethyl-, diethyl-, or 
dibenzyldithiocarbamate (dtc) gives the solids Te(C6H&2Ph)(dtc)3” which surprisingly 
have the same dark purple colour as the tellurium(I1) compounds Te(C~H$i2Ph)(dtc). Iz5Te 
NMR data for both Te(C&N2Ph)(dtc)3 and Te(C&NzPh)(dtc) show identical chemical 
shifts characteristic of tellurium(I1) demonstrating that, in solution, the tris-dithiocarba- 
mate complexes exist as the Te(I1) species and the disulfide, R2N-C(S)S-S(S)C-NR2, The 
IuTe Mossbauer quadrupole splittings of Te(C6H$i2Ph)(dtc)3 (AEQ = 11.4 mm s-’ for di- 
methyldithiocarbamate = dtc) and of the corresponding Te(C6H$i2Ph)(dtc) (AEQ = 12.6 
mm s-I) differ significantly and the difference can be attributed to the existence of a weak 
charge transfer complex Te(C61&N2Ph)(dtc).disulfide in the solid ‘Te(C6H4N2Ph)(dtc){’. 

This observation is perhaps another manifestation of the particular stability of intramol- 
ecularly coordinated tellurium(I1) complexes. 
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Iz5Te Mossbauer studies of Te(CaH4NzPh)Cl show a quadrupole splitting, of 11.8 mm s-I. 
A simple model'" based on Towns-Dailey theory predicts a value of -14 mm s-I. This lower 
value observed implies that there is less p-lone pair electron density associated with tel- 
lurium than anticipated. This may imply some delocalisation of Te p-electron density over 
the five-membered TeNNCC ring (N=N is longer and C-N shorter than in azobenzene). 
Thus the rather limited amount of Mtissbauer data available for compounds with strong in- 
tramolecular Tea-N(0) bonds indicate that these materials have novel chemical and elec- 
tronic properties. 

8. SUMMARY 

During the preparation of this article another review covering intramolecular 
coordination in organotellurium chemistry was published.Iffl The treatment in that arti- 
cle is more general e.g. T e t P  and T e c S  systems are included, also there is less em- 
phasis on the influence of intramolecular coordination on reactivity. Thus, rather 
conveniently the two articles are complementary and together provide a very thorough 
coverage of the subject. 

Some conclusions can be drawn on the basis of the data considered above on the struc- 
ture and reactivity of organotellurium compounds containing intramolecular N+Te or 
O+Te coordinate bonds. 

1. Strong intramolecular attractive interactions are manifested in organotellurium com- 
pounds possessing nitrogen- and oxygen-containing functional groups where nitro- 
gen or oxygen donor centres are spatially positioned with respect to Te(I1) or Te(1V) 
centers to form five- or six-membered rings with N+Te or O+Te coordinate bonds. 
The strength and lengths of such bonds, which belong to the hypervalent type, show 
strong dependence on the oxidation state of the tellurium centre and on the elec- 
tronegativity of the substituents attached to it. The Te-N and Tee-0 distances cover 
the full range from close to covalent Te-N and Te-0 bonds to their respective van der 
Waals contacts. 

2. The formation of intramolecular coordinate bonds changes the type of coordination 
polyhedron at the tellurium centre in a way expected according to VSEPR theory. 

3. Intramolecular coordinate N+Te and O+Te bonds do not, usually, break down in 
solution. These bonds define the molecular conformation of the organotellurium com- 
pounds in question, as shown by their NMR and IR spectral parameters, dipole mo- 
ments and Kerr constants. 

4. Intramolecular N+Te and O+Te coordination provides for stabilization of certain 
types of organotellurium compounds and serves as a driving force for their formation 
in a number of chemical reactions. This fact could be employed as a principle of ra- 
tional design of kinetically unstable organotellurium compounds. 

5 .  Intramolecular N+Te and O+Te coordination strongly affects the reactivity of organ- 
otellurium compounds. 

The above generalizations may serve as a basis for further systematic study of the effects 
exerted by intramolecular hypervalent type coordination on the structure and reactivity of 
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organotellurium compounds. Among many problems to be solved, in the opinion of the au- 
thors, the following might be urgently addressed: 

1. Synthesis and X-ray structural study of comparatively little studied tellurides, ditel- 
lurides and a-telluranes of the type R'R'TeX,; also other 0-telluranes (tellurium ox- 
ides, imides and ylides), information on which is completely unavailable at the present 
time. There is also a surprising paucity of data on organotellurium fluorides stabilised 
by intramolecular coordination. 

2. Extension of the data on structure and reactivity with N,,-Te intramolecular coordi- 
nate bonds for which only a few examples have been found. 

3. Design of organotellurium compounds with six-membered rings chelated by N+Te 
and O+Te intramolecular coordinate bonds. 

4. Structural engineering of 1 ,Zdisubstituted ethenes with intramolecular coordinate 
bonds involving tellurium centres. Synthesis of novel tellurium-containing heterocy- 
cles based on the such precursors. 

5.  Search for new reactions and rearrangements of organotellurium compounds which 
would account for structural and chemical reactivity characteristics stemming from 
the presence of intramolecular hypervalent type bonds. 
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gratefully acknowledged. 
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